This study aimed to explore the combined effects of having sleep problems and taking sleeping pills on the skeletal muscle mass and performance of community-dwelling elders. A total of 826 participants who have complete information regarding dual-energy X-ray absorptiometry examination, questionnaire, and physical performance tests were included. The status of having sleep problems and taking sleeping pills was assessed with a self-reported questionnaire. The prevalence rates of sleep problems among older men and women were 37.4% and 54.5%, respectively. After multivariate adjustment, the mean height-adjusted skeletal muscle indices for elders having sleep problems and taking sleeping pills among men and women were 7.29 and 5.66 kg/m 2 , respectively, which were lower than those without sleep problems (P = 0.0021 and P = 0.0175). The performance of the older men having sleep problems and taking sleeping pills in terms of walking speed, grip strength, and number of squats, was poorer than those of the older men without sleep problems. The status of having sleep problems and taking sleeping pills was correlated with low skeletal muscle mass and poor physical performance in community-dwelling elders. These findings suggest that having sleep problems and taking sleeping pills are associated with having sarcopenia among community elderly.
a significantly high risk of depression 9 . Moreover, subjects with sleep problems, especially waking up too early, experience a significant declined in cognitive functions compared with subjects without sleep problems during a 3-year follow-up 11 .
In addition to mental functions, the physical functions of the elderly are affected by sleep problems. In the US, elders with excessive daytime sleepiness have a significantly high risk of recurrent falls. Short sleep duration (≤5 hours) and poor sleep efficiency are related to the increased risk of falls 5 . After adjustments have been made for many potential variables, such as depression, cognitive function, and long-and short-acting benzodiazepine use, the association between sleep problems and risk of falls has been observed, but the potential mechanisms mediating such association among the elderly are unclear.
Muscle function among the elderly is an important factor related to falls 12 . A meta-analysis aggregated 16 studies to analyze the risk factors of falls and revealed that significant factors included muscle weakness, gait deficit, balance deficit, mobility limitation, visual deficit, and cognitive impairment 13 . Muscle weakness is another major risk factor of falls. However, whether muscle weakness as the potential mechanism of the association between having sleep problems and falls among the elderly is unclear. Previous study showed that sleep duration was correlated with testosterone levels among men 14 . Furthermore, some studies found that testosterone levels among older men was associated with muscle mass 15 and physical performance 16 . But previous studies did not consider the combined effects of sleep problems and sleep-inducing drugs on skeletal muscle mass and performance. Therefore, we test the hypothesis that whether having sleep problems and taking sleeping pills are independently or jointly associated with skeletal muscle mass and physical performance indicators, such as walking speed and grip strength, among elderly.
Results
Characteristics of the study participants. The proportions of having sleep problems among elderly men and women were 37.4% and 54.5%, respectively. The major problem was difficulty in falling asleep. The sociodemographic factors, health-related practices, and chronic problems of the study subjects are shown in Table 1 . The distributions of age, hypertension, diabetes mellitus, hyperlipidemia, and stroke among elderly men were significantly different among the groups with various sleep problems. The proportions of hypertension, diabetes mellitus, hyperlipidemia, and stroke in the group having sleep problems and taking sleeping pills were higher than those in the other groups of elderly men. Conversely, the distributions of alcohol drinking and exercise among elderly women were significantly different from the groups with various sleep problems. The proportions of alcohol drinking and exercise in the group having sleep problems and taking sleeping pills were lower than those of the group without sleep problems among elderly women. Moreover, the mean of GDS scores of the elderly men and women were significantly different among the groups with various sleep problems. In the elderly men and women, the mean GDS scores in the group having sleep problems and taking sleeping pills were higher than those in the two other groups.
Anthropometric measures and clinical indices of the study participants. Anthropometric meas-
ures, such as body mass index (BMI), height-adjusted SMI, weight-adjusted SMI, and clinical indices, including total cholesterol, blood pressure, high-density lipoprotein cholesterol (HDL-C), and fasting blood glucose, are shown in Table 2 . In the elderly men and women, the mean height-adjusted SMI in the group having sleep problems and taking sleeping pills were lower than those in the two other groups (P = 0.0334 and 0.0072, respectively). However, the mean BMIs did not significantly differ among the three groups of elderly men and women. The clinical indices of the elderly men and women did not also significantly vary, but the HDL-C in the elderly women differed among the groups with various sleep problems.
Association between height-adjusted SMI and sleep problem status.
We used multivariate linear regression to separately assess the independent relationship between height-adjusted SMI and sleep problem status in elderly men and women ( Fig. 1 ). After adjustments for age, diabetes mellitus, hyperlipidemia, and stroke, which were identified by the directed acyclic graph (DAG) 17 , the adjusted mean height-adjusted SMI of the elderly men having sleep problems and taking sleeping pills was significantly lower than that of the elderly men without sleep problems (7.29 vs. 7.63 kg/m 2 ). After adjustments for age, alcohol consumption, and GDS score, which were identified by the DAG, the adjusted mean height-adjusted SMI of the elderly women having sleep problems and taking sleeping pills was 5.66 kg/m 2 , which was significantly lower than that of the elderly women who were having sleep problems but were not taking sleeping pills (5.95 kg/m 2 ) and was also significantly lower than that of the elderly women who were not experiencing sleep problems (5.88 kg/m 2 ).
Combined effects of having sleep problems and taking sleeping pills. We further evaluated the combined effects of having sleep problems and taking sleeping pills on physical performance, such as walking speed, grip strength, time up and go, leg press, chair stand, and squat ( Table 3) . After adjustments for possible confounders, the adjusted means of walking speed (P = 0.0392), grip strength (P = 0.0530), and number of squats (P = 0.0166) for the elderly men having sleep problems and taking sleeping pills were lower than those without sleep problems. After adjustments for possible confounders of the elderly women were obtained, no differences in the adjusted means of these physical performance indicators were observed in the groups with various sleep problems.
Discussion
To our knowledge, the present study is the first to report the combined effects of having sleep problems and taking sleeping pills on the skeletal muscle mass in a sample of Taiwanese community-dwelling elders. This study also revealed that having sleep problems and taking sleeping pills among elderly men were associated with physical performance, such as walking speed, hand grip strength, and number of squats. Consistent with our findings www.nature.com/scientificreports www.nature.com/scientificreports/ regarding the effects of having sleep problems on lean muscle mass and physical performance, a previous study in Germany found that men with poor sleep quality or sleep efficiency have a significantly high risk of low muscle mass 18 . In Hong Kong, subjective insomnia is associated with slow walking speed and weak hand grip strength among elderly men 19 . Poor upper and lower limb strength were associated with insomnia. Thus, the combined effect of having sleep problems and taking sleeping pills on walking speed and grip strength among elderly men maybe due to poor upper and lower limb strength. However, these previous studies did not consider the combined effects of sleep problems and sleep-inducing drugs. Some previous findings regarding the effects of sleep-inducing drugs on muscle mass and physical performance were consistent with our results. In Japan, the most common symptoms of taking non-benzodiazepine drugs are impaired balance and falls 20 . In the US, the use of zolpidem for hospitalized patients is independently related to the increased risk of falling 21 . In Finland, elderly adults stopped their long-term use of benzodiazepines, and their handgrip strength and balance are consequently improved 22 . Therefore, the effects of sleep-inducing drugs on physical performance may be due to long-term use of sleeping pills. However, using other types of sleep-inducing drugs, such as tricyclic antidepressants, and melatonin receptor agonist, in older adults were no associated with recurrent falls 23 and middle-of-the-night balance 24 . Thus, the detailed mechanisms of sleep-inducing drugs on physical performance among elderly should be further investigated.
This study showed that the elder men who having sleep problems and taking sleeping pills has significantly fewer times of squats than those without sleep problems, indicating having sleep problems and taking sleeping pills maybe associated with the balance function and lower limb strength. Previous study found that squat exercise was associated with static and dynamic balance 25 . Furthermore, another study showed that older adults who have sleep problems had significantly higher risk of balance difficulty and falls, even after adjusting for medication use 6 . Therefore, balance function may play an important role among the association between the times of squats and combined effect of having sleep problems and taking sleeping pills.
This study indicated that the combined effect of having sleep problems and taking sleeping pills among elderly men was associated with low skeletal muscle mass, walking speed, and hand grip strength. These three indicators of physical performance have been used to diagnose sarcopenia in the Asian Working Group for Sarcopenia 26 , the European Working Group on Sarcopenia in Older People 27 , and the Foundation for the National Institutes of Health Sarcopenia Project 28 . Therefore, this study finding imply that the combination of having sleep problems and taking sleeping pills among the elderly may be associated with having sarcopenia, which has been supported by a previous study findings demonstrating that elderly adults with sleep duration less than 6 h have a significantly high likelihood of sarcopenia 29 .
The combined effect of having sleep problems and taking sleeping pills on the muscle mass and physical performance of the elderly may be attributed to the change in testosterone levels. Previous studies provided evidence regarding the association of testosterone levels with sleep duration, muscle mass, and physical performance. It has been reported total testosterone and bioavailable testosterone levels are related to sleep duration but are independent of age 14 . Furthermore, muscle mass is linked to total, free, and bioavailable testosterone levels among older men 15, 30 and to free testosterone levels among postmenopausal women 31 . Muscle strength and physical performance are correlated with the total, free, and bioavailable testosterone levels among older men 15, 16, 32 , but no correlation among older women 33 . Notably, plasma total and free testosterone levels are associated with instrumental activities of daily living (IADL) among elderly men, but no association between testosterone levels and IADL among elderly women is observed 34 . Therefore, the pathophysiological mechanism of this study finding may be explained by the testosterone levels.
Strength of this study is that used two simple self-reported questions for having sleep problems and taking sleeping pills to explore their combined effects on muscle mass and physical performance among elderly. These parameters could be easily applied to sarcopenia screening programs in communities. Some limitations should also be noted in this study. First, the major limitation relevant to the interpretation of our study's findings is the use of cross-sectional data; thus, we cannot make causal inference about the observed relationships. Second, this study used two self-reported questions to evaluate the sleeping status among the elderly. Sleep duration and types and doses of sleep-inducing drugs were disregarded in this study. Although the measurement was simple, it could determine its significant association with a decrease in lean muscle mass and physical performance. Third, a potential selection bias might exist because only 826 of the 1347 participants were analyzed. We did evaluate this potential bias and found the differences in the joint distributions of age and gender between this study sample of TCHS-E participants and the elderly populations of Taiwan in 2009 were small, ranging from 0.3% to 5.3%. Therefore, this selection bias might be minimal. Fourth, the participants in this study were from a metropolitan city. Thus, our findings should not be generalized to include elders living in rural areas because of the differences in their patterns of sleep problems and physical activities.
In conclusion, the combination of having sleep problems and taking sleeping pills was correlated with the low skeletal muscle mass and physical performance, such as walking speed, hand grip strength, and number of squats, in community-dwelling elders. Our study findings suggested that having sleep problems and taking sleeping pills among the elderly should be useful for health professionals aiming at screening elders at high risks of low muscle mass and physical performance. 
Methods
Study population and sampling method. The participants in this study were community-dwelling elderly enrolled in the Taichung Community Health Study-Elderly (TCHS-E). The study population included all residents aged ≥65 years in eight administrative neighborhoods in North District, Taichung City, Taiwan, who were registered in June 2009. A total of 3997 older residents in these administrative neighborhoods were invited to participate in this study. We excluded 1247 subjects because of errors on their registry, having moved out of the area, institutionalization, and death. A total of 1347 elders agreed to participate, and their response rate was 49.0%. However, 521 participants were unable to complete the information about sleep problems, skeletal muscle mass, or physical activity. Therefore, 826 subjects were included in this data analysis. The Human Research Committee at the China Medical University Hospital approved this study, all methods were performed in accordance with the relevant guidelines and regulations, and informed consent was obtained from each participant.
Assessment of appendicular skeletal muscle mass. The mass of the appendicular skeletal muscle was assessed through dual-energy X-ray absorptiometry (GE Lunar DPX Pro, Lunar Corp., Madison, WI, USA), and the appendicular skeletal muscle mass index (SMI) was calculated by dividing the limb muscle mass (kg) by the weight (kg) or square of height (m).
Assessment of having sleep problems and taking sleeping pills. Having sleep problems and taking sleep-
ing pills were assessed by the self-reported questionnaire. Sleep problem variables comprised four items, including experiencing difficulty in falling asleep, having many dreams, becoming easily awakened, and suffering from sleepiness.
Measurement of grip strength and physical performance. Hand grip strength was measured with a
dynamometer (TTM Dynamometer, Tsutsumi, Tokyo, Japan). Three trials for each hand were carried out. If the difference was more than 3 kg between any two measures in the same hand, then the measurement was repeated again after a rest. The maximum result was used for data analysis. Physical performance tests included a 5-meter walk test, a timed up and go test, a leg press test, a chair stand test, and a squat test. The participants underwent all physical performance tests under the instructions of physical therapists. For the 5-meter walking test, the participants were asked to walk for 5 m as fast as they could, and the time in second to complete the test was recorded. The walking speed (m/sec) was calculated by dividing the distance (5 m) by the recorded time (sec). For the timed up and go test, the participants were instructed to stand up from a sitting position, walk 3 m from that position, turn around, walk back 3 m to the chair, and sit down as fast as possible. The time in second to complete the test was also recorded. For the leg press test, the participants were asked to lift the maximum weight by using both legs 15 times with a successful repetition by a leg press machine (AURA G3-S70, Matrix Fitness System, USA). Then we estimated one-repetition maximum leg press strength by the Brzycki formula. The leg muscle strength was assessed by dividing the maximum lift weight by the body weight, and multiplying by 100%. For the chair stand test, the participants were instructed to fold their arms across their chest and to sit firmly in a chair, then to rise from the chair and sit down. The time in second to complete the test in three repetitions were recorded. For the squat test, the participants were asked to repeatedly squat down for 20 seconds, and the number of squats was recorded. www.nature.com/scientificreports www.nature.com/scientificreports/ Sociodemographic factors, life style behaviors, and mental factors. Sociodemographic characteristics, including age, gender, educational attainment, cigarette smoking, alcohol drinking, recreational physical activity, physician-diagnosed diseases, and fall history, were collected by using questionnaires. For the recreational physical activity, the elders who exercised for at least 30 min three times per week in the last 3 months were classified as having regular exercise. Smoking status was categorized as never, current, and former. Former smokers included those who had smoked at least 100 cigarettes during their lifetime but no longer smoke cigarettes. Mental factors were assessed using the 15-item Geriatric Depression Scale (GDS-15). High scores corresponded to a high level of depression.
Statistical analysis. Analyses were stratified by gender. The subjects having sleep problems were further classified into two groups according to the status of taking sleeping pills. Categorical variables such as gender, education attainment level, and chronic problems were reported as percentages, whereas continuous variables such as anthropometric measures and clinical indices were presented as mean ± standard deviations (SD). Differences in proportions and means were assessed by using a Chi-square test or an analysis of variance (ANOVA) when appropriate. We used multiple linear regression models to analyze the combined effects of having sleep problems and taking sleeping pills on the skeletal muscle mass and performance after adjustments for possible confounders were made. These possible confounders were identified by the DAGs 17 , which is a 6-step algorithm for determining a proposed set of covariates. These connected variables identified from DAGs were as the potential confounders ( Supplementary Fig. S1 ), including age, diabetes mellitus, hyperlipidemia, and stroke in the regression models of elderly men; and including age, alcohol consumption, and GDS score in the regression models of elderly women. All P-values were two sided, and significance level was set at P < 0.05. All analyses were performed in SAS version 9.4 (SAS Institute Inc., Cary, NC).
